: Minimum and maximum values of calculated lattice constants (a) and magnetic moments of the transition metals (M) at the B sites of cubic (space group 221) ABO 3 , AA'BO 3 , ABB'O 3 and AA'BB'O 3 perovskites.
Type of perovskite a (Å) M(B) (μ B ) M(B') (μ B )
ABO 3 3.7357 -4.2914 0.2453 -3.8368 AA'BO 3 3.7953 -4.2000 0.2757 -3.7985 0.2760 -3.8000 ABB'O 3 3.6000 -4.1419 0.0040 -4.2172 -3.1064 -3.8337 AA'BB'O 3 3.7998 -4.1274 -2.2340 -3.880 -2.3856 -3.5935
The DFT-computed lattice constants compare well, within the uncertainty of DFT calculations 1-2 , with the experimental values for cubic perovskites of similar composition. For example, the relative error is 1.06% when comparing DFT-computed 
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where T and P are the absolute temperature (298.15 K) and pressure (1.013 bar), N i is the number of atoms, μ i is the chemical potential, E i is the total electronic energy determined from DFT-based structure optimization, U ZPE,i is the zero-point vibrational energy, and S i is the entropy. Gases are assumed to be ideal, while liberated lattice oxygen is treated using the harmonic approximation where all degrees of freedom are treated as frustrated harmonic vibrations and pressure-volume contributions are neglected. Thermodynamic properties were calculated from vibrational frequencies and standard statistical mechanical equations evaluated through ASE. Free energy corrections of the solids are neglected. 7 Electronic Supplementary Material (ESI) Δh at 298 K and 1 bar across 27 solid metal oxide and six metal/metal oxide pairs. Thermodynamic properties obtained through scaling relations are defined per mole of monoatomic oxygen. The data for the derived linear scaling relations (R 2 > 0.83) are shown with Table S2 and Table S3 , where a and b represent the following factors in Eq. (4): 
where 
Supporting data a. Experimental data i. XRD of CeCoO 3
Figure S1: XRD spectrum of as-prepared CeCoO 3 (peak labels from Wolcyrz et al. 10 and Smith et al. 11 ).
ii. XRD of as-prepared perovskites to be tested via TGA 16 .
iii. Oxygen nonstoichiometry 
v. HT-XRD for material stability
Figure S10: HT-XRD spectra in CO 2 between 310 and 1275 K of a) SrTiO 3 (peak labels from Howard et al. 17 ) and b) SrCoO 3 (peak labels from Wang et al. 18 , Zeng et al. 19 , Saito et al. 20 , Hanawalt et al. 21 and Stromme et al. 22 ), c) SrMnO 3 (peak labels from Kuroda et al. 23 ), d) BaCoO 3 (peak labels from Jacobson et al. 24 , Liu et al. 25 , Stromme et al. 22 , Bell et al. 26 and Saito et al. 20 ) and e) BaMnO 3 (peak labels from Negas et al. 27 , Liu et al. 28 and McMurdie et al. 29 and f) ratio between ΣE p, carb and ΣE r, Figure S11 : HT-XRD spectra in 0.2 bar O 2 between 310 and 1275 K of a) SrTiO 3 (peak labels from Howard et al. 17 ) and b) SrCoO 3 (peak labels from Wang et al. 18 , Zeng et al. 19 , Davey et al. 30 , Hanawalt et al. 21 , Saito et al. 20 , Takeda et al. 31 and Liu et al. 25 ), c) SrMnO 3 (peak labels from Kuroda et al. 23 ), d) LaAlO 3 (peak labels from Lehnert et al. 32 ), e) BaCoO 3 (peak labels from Jacobson et al. 24 and Spitsbergen et al. 33 ), f) BaMnO 3 (peak labels from Negas et al. 27 and McMurdie et al. 29 ) and g) ratio between ΣE p, phase and ΣE r, phase for 63 ABO 3 -type perovskites with divalent A-cations (round symbols) and trivalent and tetravalent A-cations (square symbols), with SrCoO 3 , SrTiO 3 , SrMnO 3 , BaCoO 3 , BaMnO 3 and LaAlO 3 highlighted in orange, red, light blue, light green, dark green and dark blue, respectively.
vi. RT-XRD
Figure S12: RT-XRD spectra before and after TGA with CO 2 of a) SrTiO 3 (peak labels from Howard et al. 12 ), b) SrMnO 3 (peak labels from Kuroda et al. 23 ), c) SrCoO 3 (peak labels from Takeda et al. 31 , Grenier et al. 34 and Stromme et al. 22 ), d) BaMnO 3 (peak labels from Negas et al. 27 and Bell et al. 26 ) and e) BaCoO 3 (peak labels from Jacobson et al. 24 and Hanawalt et al. 21 ). 
b. Thermochemical equilibrium analysis
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